. It was previously observed that homogenates of hearts of hyperthyroid rats or of rats chronically injected with epinephrine manifested significantly greater LPL activities than did similar homogenates from control animals. However, the addition of triiodothyronine or of epinephrine in vitro to homogenates or slices of hearts from untreated rats produced no increase in LPL activity (I). On the basis of these observations it was hypothesized that increased cardiac metabolism and work over a period of time results in ad .aptive changes i n heart that include an increase in LPL activity, as a consequence of which the heart is enabled to utilize greater quantities of fatty acids obtained from circulating lipoproteins for metabolic purposes To further test this hypothesis, increased cardiac metabolism and work were induced in rats by chronic administration of 2,4-dinitrophenol (DNP), whereas decreased metabolism and work were effected by treating the animals with 6-propylthiouracil, and myocardial LPL activity was determined.
Since the chronic administration of epinephrine or thyroid hormone not only promotes increased cardiac work and induces cardiac hypertrophy but also produces several metabolic changes in heart, it is possible that either a nonspecific alteration in work load and a change in heart size or some specific metabolic effect in the heart is the stimulus that provokes changes in cardiac LPL activity in vivo. In an attempt to distinguish between these two possibilities, increased cardiac work was induced in rats by: a) production of experimental hypertension with deoxycorticosterone (DCA) and salt, and b) aortic constriction; and the effects of these procedures on cardiac LPL were assessed. The results suggest that increased work or work hypertrophy per se is not a sufficient stimulus to induce an increase in cardiac LPL activity and that LPL activity may be geared to some specific aspect of cardiac metabolism. 2'3 (8) .
METHODS

Male
The animals were anesthetized by intraperitoneal injection of lethal doses of pentobarbital, and their hearts were excised while still beating.
The hearts were slit In the chronic experiments with 2,4-dinitrophenol (DNP) the experimental animals (maintained on a commercial animal diet preparation and water ad lib.) were injected subcutaneously, twice daily, once at 9 AM and once at 5 PM, with 30 or 50 mg/kg DNP suspended in cottonseed oil (Wesson) for periods of 2 or 3 weeks, whereas the controls received similar injections of the oil alone. The rats were then killed and LPL determinations made on heart homogenates as described. Some animals were given single subcutaneous injections of DNP in aqueous solution or in oil suspension and killed I hr later, the corresponding controls receiving injections of saline or oil. The aqueous solution of DNP was made up as a saturated solution (0.56 %) by dissolving the compound in dilute NaOH, then adjusting the pH to 7.4 with dilute HCl. To assess the effect of a DNP injection, rectal temperatures and metabolic rates of rats were determined at various intervals of time from 15 min to 6 hr after an injection.
The former were measured by means of a thermistor probe, and metabolic rates were assessed by determining rates of oxygen consumption per unit of body surface, using a constant flow respirometer (21) and a somewhat different relation between body weight and surface area than had been used in the experiments with the hypothyroid rats (SA = g. I X (body wt)2'3). In other experiments DNP was added, in vitro, in concentrations of I x IO+ M to I X IO-~ M, to flasks containing the medium described in which thin sections or homogenates of hearts of normal rats were incubated for I hr. Ventricle slices were prepared with the aid of a Stadie-Riggs tissue slicer in the cold room. When slices were used, heparin was also added to the medium to give a final concentration of 30 pg/ml, in order to increase the release of LPL from the tissues (I 3).
In the hypertension experiments, rats weighing 75-85 g, [90] [91] [92] [93] [94] [95] [96] [97] [98] [99] [100] g, or 240-260 g at the start were maintained on a diet of Big Red pellets, given I % NaCl solution in place of drinking water, ad lib., and injected im once a week for periods of days with 5 mg deoxycorticosterone trimethylacetate suspension (Percorten, Ciba) ; Table 5 ), 2 I 5-mg sections of ventricle were homogenized in 5 ml ice-cold phosphate buffer at pH 7.4, and I.4-ml samples of the homogenate were added to 4.6 ml of a medium preincubated for >$ hr at 37 C, composed of 2.0 ml serum, I .4 ml I o % albumin in phosphate buffer, pH 7.4, and I .2 ml 5 % coconut oil emulsion in phosphate buffer. The homogenate and medium were mixed and immediately incubated for another hour at 37 C under air. In experiments 3 and 4 the procedure was carried out in the usual manner except that the homogenates were incubated for 34 hr instead of I hr. Constriction of the aorta was accomplished in rats weighing 250-320 g, as follows: each animal was anesthetized with pentobarbital ip and a small section of abdominal aorta, close to the diaphragm, was exposed. A stainless steel wire (0.89 mm diameter for 250-to 300-g rats and 1.01 mm diameter for rats over 300 g) was placed alongside the section of the aorta, and the two were tied together by means of a ligature made with size oo surgical silk so that circulation was completely cut off. The wire was then immediately slipped out of the loop with the aid of a pair of curved forceps placed against the knot of the thread, permitting the return of the circulation through a narrowed lumen. Control animals were sham operated. The rats were killed I I -22 days following the operation and their hearts removed and assayed for LPL activity.
RESULTS
Propylthiouracil
administration. Chronic administration of 6-propylthiouracil rendered the rats hypothyroid, as expected, as indicated by their reduced metabolic rates (Table   I ).
The treated animals manifested significantly smaller cardiac LPL activities than did the controls in all three experiments (Table   I ).
It will be noted that both control and treated rat heart LPL activities were higher in experiment 2 than in either of the other two experiments.
Such changes in absolute values have been found to occur when sera from different donor dogs are used in the assays. For this reason attempts were always made to do as many determinations as possible in any one series of experiments with the same serum, and equal numbers of experimental and control rats were assayed on the same day.
The tissue nitrogen values were the same for experimental and control rats (Table I) . Although there was a trend toward decreased water content in the hearts of the hypothyroid rats in comparison with the controls, these differences were small and not always significant.
If the LPL activities are expressed on a dry tissue weight or total tissue nitrogen basis, the difference between experimental and control heart LPL activities remains significant.
The absolute heart weights of the propylthiouraciltreated rats were significantly smaller than those of the corresponding controls at the termination of the experiments (Table   I ).
This was due, in part, to the smaller total-body weight gains observed to occur in the treated rats in comparison with the controls. However, heart weight/body weight ratios were also smaller in the treated rats, suggesting an additional specific effect on heart size.
Dinitrophenol administration. Measurements of rectal temperatures and oxygen consumption indicated that the DNP injections were effective, producing an increased and altered metabolism in the rats ( Table 2 ). The injection of a single dose of DNP (30 "g/kg) in aqueous solution, SC, produced an immediate rise in rectal temperature which reached a maximum after 1-2 hr and returned to normal after 3.5 hr. When injected as a suspension in oil, the same dose caused a noticeable rise in temperature within half an hour, and the maximum temperature was attained after 1-3 hr. After 6 hr the temperature was still slightly above normal. Determination of the rate of oxygen consumption per unit of body surface area showed that this variable doubled in I hr following DNP administration. When the drug was administered in oil, the values did not return to normal until 6 hr after injection.
From these observations it was concluded that two daily injections of DNP in oil altered the metabolism of the rat, including that of the heart for a total period of 12 hr. It was observed that the two different methods used for measurement of oxygen con- sumption rates (2 I, 27 ) yielded somewhat different absolute values (Tables I, 2 ). However, with each method, the effect of drug treatment on the rates was readily apparent.
Homogenates of hearts of rats chronically treated with DNP in oil always showed significantly elevated LPL activities in comparison with the controls (exps. 2-4, Table 3 ). In experiment 2, dry weight determinations were made on the heart tissues. No significant difference was observed to occur in this respect between hearts from control and DNP-treated animals, so that the differences in LPL activities persist when the latter are expressed on a dry tissue weight basis.
When rats were given a single injection of DNP (30 mg/kg) in aqueous solution SC and killed I hr later, no difference in LPL activity was manifested between the treated animals and their controls (exp. I, Table 3 ).
The rats chronically treated with DNP gained weight less rapidly than the controls, as a result of which the absolute heart weights of these animals were smaller than those of the controls at the end of the experimental periods. Despite this, heart weight/body weight ratios of the treated animals were higher than those of the controls, indicating a relative cardiac hypertrophy in the former (Table 3) .
In order to ascertain whether DNP had a direct effect on LPL activity by interaction with the enzyme, a prosthetic group, a tissue enzyme inhibitor, etc., the drug was added directly to the medium in which slices or homogenates of normal rat hearts were incubated.
DNP caused no change in LPL activity in any case (Table  4) . Heparin, added to the medium containing the slices, was observed to have its usual effect of increasing LPL activity in the medium.
Experimental hypertension. The administration of deoxycorticosterone and I % NaCl solution in place of drinking water resulted in severe hypertension as indicated by measurements of systolic blood pressures (Table  5) . As hypertension developed, the rate of gain in body weight of the hypertensive animals fell behind that of the controls. Despite the lower final body weights of the hyper- tensive rats, their absolute heart weights and heart weight/body weight ratios were significantly greater than those of the controls indicating the expected work hypertrophy. No significant difference in LPL activity of heart homogenates was observed to occur, however, between hypertensive and normotensive rats (Table  5) . Determinations of dry weight and total tissue nitrogen of the hearts indicated that there were no differences in these respects between experimental and control animals. Since incubations were carried out for periods of $4 hr instead of I hr in experiments 3 and 4 (Table 5) , the results are expressed on the former basis in these experiments inasmuch as it has been observed that after $4 hr of incubation the enzyme activities decrease somewhat. Aortic constriction. Aortas were constricted in rats in the manner described by Beznak et al., except that loops of thread were used in place of silver rings (5). In Beznak's experiments, narrowing of the lumen of the aorta caused a 25 % increase in heart weight in 5 days and about a 32 % increase in 2 I days, the increase being due entirely to hypertrophy of the left ventricle. We observed heart weights to be I 3.4 and 2 I .7 % greater in experimental Table 6 ). The increases in heart weight-to-body weight ratios were 22.9 and 23.3 % in these situations. Since the experimental and sham-operated control rats gained weight at the same rates, the above figures indicate the development of true cardiac hypertrophy in rats with constricted aortas. Despite such hypertrophy, again no difference was observed in LPL activity between the experimental and control rat hearts (Table 6 ).
DISCUSSION
Our results show that propylthiouracil-induced hypothyroidism was associated with significantly decreased cardiac LPL activity, and chronic DNP administration with significantly increased cardiac LPL activity but that aortic constriction and DCA-salt-induced hypertension did not affect this activity in rats.
The effect of hypothyroidism on cardiac LPL was the reverse of that of hyperthyroidism (I), indicating that it is possible to induce a decrease as well as an increase in activity of this enzyme in heart. Inasmuch as diminished thyroid activity results in a reduction of cardiac work and size, the decrease in LPL activity may have been due to the latter effects in accordance with our hypothesis. However, since hypothyroidism also results in a number of alterations in cardiac metabolism, it is not possible to state that the reduced LPL activity was associated with the effect on cardiac work and size rather than with a more specific metabolic change. Thus, hypothyroidism has been shown to result in decreased cardiac output (minute and stroke), heart rate, and often, blood pressure (4, I 2, 25, 28) , and we have observed, as have others (4), that hypothyroid rats show cardiac atrophy-that is, significantly lower heart weight/body weight ratios than do euthyroid controls. In addition, however, hypothyroidism results in a number of changes in the metabolism of the heart which are not necessarily or only associated with reduced cardiac work. A deficiency of thyroxine, for example, is accompanied by a decrease in cardiac oxygen consumption (3), activity of a number of mitochrondrial and cytoplasmic enzymes in the heart (eg), rate of protein synthesis (7), and cardiac responsiveness to epinephrine (2 3) Administration of DNP produced a relative cardiac hypertrophy and an increase in cardiac LPL activity. There may have also been an increase in cardiac work in response to the augmented circulatory demands of the peripheral tissues. Since it has been shown that DNP acts directly on the heart to decrease contractility and reduce work performance (I I, I 3), the hypertrophy may have represented an attempt to compensate for decreased contractility, and there may have been no increase in cardiac work above the normal level. In addition to the effect on heart size and perhaps on work, however, DNP produces profound effects on metabolism-increasing oxidative metabolism, uncoupling oxidation from phosphorylation, and increasing heat production (24). Although the increase in LPL activity observed may have been associated with enhanced cardiac size and work, it may also have resulted from an augmented metabolic rate or from a change in some specific aspect of cardiac metabolism.
Both aortic constriction and experimental hypertension produced with DCA and salt resulted in increased cardiac work and cardiac hypertrophy, yet no alterations in LPL activity occurred. In these situations, a dissociation between the two phenomena was clearly seen. Various types of hypertension result from elevated peripheral resistances and are accompanied by normal cardiac outputs (unless cardiac decompensation occurs) so that cardiac work is increased (20) and enlargement of the heart often occurs. Rats with constricted aortas manifest a rise in blood pressure, a normal cardiac output several days postoperatively, and a normal or elevated heart rate indicating increased cardiac work. There is also an associated left ventricular hypertrophy (6). Cardiac LPL activity has been observed to rise after prolonged fasting, when the heart utilizes greater quantities of fatty acids (I, 2, 13) ; in diabetes, when carbohydrate utilization by the heart is reduced (14); and in hyperthyroidism (I), during exercise (I g), and following in the activity of the enzyme occurs as an adaptive response of the heart to an increased requirement for fatty acids resulting from increased heart work or reduced availability of other metabolic substrates such as carbohydrates.
The failure, however, to observe an elevation of LPL consistently in association with elevated cardiac work and cardiac hypertrophy in the present experiments,
suggests that the control of LPL activity of heart is not necessarily linked to work output or heart size. LPL activity may be geared to some specific aspect of cardiac metabolism.
In some situations, cardiac LPL activity may be affected by the activities or levels of endogenous catecholamines. Thus thyroxine has been
